Background: This meta-analysis aimed to illustrate the efficacy and safety of combined topical and intravenous (IV) tranexamic acid (TXA) for blood loss control in primary total knee arthroplasty (TKA) patients.
Introduction
A total knee arthroplasty (TKA) is a well established surgery that alleviates knee pain and improves function for end-stage knee disease such as osteoarthritis or rheumatoid arthritis. [1, 2] However, TKA involves substantial postoperative blood loss and thus subsequently blood transfusion was increased. [3] Allogeneic blood transfusion has potential risks of infection of HIV and other infectious disease. [4, 5] Recent studies have explored on topical or intravenous (IV) hemostatic and pharmacological drugs for blood loss control after TKA. Tranexamic acid (TXA), a synthetic lysine analogously drug, inhibits fibrinolysis by competitively bond the lysine-binding sites of plasminogen. [6] Several meta-analyses have shown that TXA can reduce the perioperative blood loss and subsequent blood transfusion in TKA. [7, 8] However, the optimal regimen and dose of TXA remained debatable.
IV TXA is most often used, and has been identified to be very safe and effective. Topical TXA during TKA has been described as a safe and cost-effective option to IV TXA. Another method was combined intra-articular and IV TXA for blood loss in TKA. Although several randomized controlled trials (RCTs) have been published and show positive results about combined topical and IV TXA. It should be noted that the sample size of these RCTs was limited (ranging from 30 to 92 patients), which may affect the accuracy of relevant conclusions. Therefore, we undertook a meta-analysis to evaluate whether combined TXA is superior to intra-articular or IV with respect to need for transfusion; total blood loss; hemoglobin drop; and the occurrence of deep venous thrombosis (DVT), pulmonary embolism (PE), and infection.
Methods
This meta-analysis was conducted in accordance with the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions [9] and was written in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) checklist. [10] 
Search strategy
The following electronic databases were systematically searched from their inception through April 2017: PubMed, Embase, the Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science, and the Google database. The detailed PubMed search strategy was as follows: (((((("Arthroplasty, Replacement, Knee"[Mesh]) OR TKR) OR TKA) OR total knee replacement) OR total knee arthroplasty)) AND tranexamic acid. This is a meta-analysis and thus no ethical approval was necessary for this meta-analysis.
Inclusion criteria and exclusion criteria
Inclusion criteria included RCTs; comparison of combined intraarticular TXA and IV TXA versus IV TXA, topical TXA or control group in patients undergoing TKA; the mean age of included patients were older than 18 years; the finally outcomes incorporated need for transfusion, total blood loss, hemoglobin drop, and postoperative complications (DVT, PE, and infection); and the included studies were restricted to English language. Exclusion criteria included "case report," "review," "letters," "talk," and "commentary"; and data were duplicated or overlapped.
Data extraction and outcome measures
For each published study included in the meta-analysis, 2 authors (Zhao Wang and Xiaofei Shen) independently extracted the following data: author, publication year, number of patients, proportion of male patients, mean age of the patients, outcomes, duration of the follow-up period, and surgery type. Any disagreement was resolved by discussion. The outcome measures were total infection rate, and the infection rate among low-risk, moderate-risk, and high-risk category patients. We extracted the mean and standard deviation values using GetData Graph Digitizer software as needed. [9] 2.4. Risk of bias assessment Two reviewers (Zhao Wang and Xiaofei Shen) independently evaluated the risk of bias of RCTs according to the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions. [9] A total of 7 items were assessed and a graph was drawn for the summary of the risk of bias.
Statistical analysis
For dichotomous outcomes (need for transfusion and the occurrence of DVT, PE, and infection), we calculated the risk ratio (RR) and the 95% confidence interval (95% CI). For continuous outcomes (total blood loss and the hemoglobin drop), we calculated weighted mean difference (WMD) and the 95% CI. Heterogeneity was considered to be statistically significant if the I 2 value was greater than 50%. A fixed-effects model was applied if the I 2 value was less than 50%. All statistical analyses were conducted using Stata 12.0 (Stata Corp., College Station, TX). A P value less than .05 was considered statistically significant. Kappa values were used to measure the degree of agreement between the 2 reviewers and were rated as follows: fair, 0.40 to 0.59; good, 0.60 to 0.74; and excellent, 0.75 or higher. [11] 3. Results
Search results and general characteristic
The literature search and selection process are illustrated in Fig. 1 . The initial search yielded 288 articles (PubMed = 76, Embase = 98, Web of Science = 75, Cochrane Library = 22, Google database = 17). After excluding duplications, 209 studies were examined. Next, 202 of the studies were excluded on the basis of the inclusion criteria. Finally, we included 7 RCTs in this metaanalysis. [12] [13] [14] [15] [16] [17] [18] The general characteristic of the included studies can be obtained in Table 1 . The topical TXA dose ranged from 1 to 3 g. The IV dose of TXA ranged from 1 to 3 g. The follow-up ranged from 3 days to 3 months.
Risk of bias
The risk of bias graph and risk of bias summary are summarized in Figs. 2 and 3. All trials reported random sequence generation; only 1 study did not report the allocation concealment [17] and identify as an unclear risk of bias. The rest of bias was all with a low risk of bias. Table 1 The general characteristics of the included RCTs. NS RCTs TKA, total knee arthroplasty; RCTs, randomized controlled trials; NS, not stated; 1, need for transfusion, 2, total blood loss, 3, hemoglobin drop; 4, the occurrence of deep venous thrombosis; 5, the occurrence of pulmonary embolism; 6, the occurrence of infection.
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Results of meta-analysis 3.3.1. Need for transfusion. There were a total of 5 studies involving 779 patients reported available data of need for transfusion between the combined group and IV TXA group. There was no heterogeneity between the included studies (I 2 = 0.0%, P = .779). Compared with IV TXA group, combined TXA was associated with a less need for transfusion (RR = 0.46, 95% CI = 0.23-0.89, P = .021) (Fig. 4) . A total of 3 studies involving 261 patients provided data of need for transfusion between the combined group and control group. There was a moderate statistical evidence of heterogeneity between the included studies (I 2 = 49.0%, 95% CI = 32.1-53.7, P = .141). Compared with control group, combined TXA was associated with a less need for transfusion (RR = 0.29, 95% CI = 0.14-0.61, P = .001) (Fig. 4) .
A total of 4 studies provided data of need for transfusion between the combined group and topical TXA group. The heterogeneity test indicated no statistical evidence of heterogeneity (I 2 = 0.0%, 95% CI = 0.0-0.0, P = .928). There was no statistically significant difference between the need for transfusion between combined group and topical group (RR = 0.47, 95% CI = 0.21-1.01, P = .052) (Fig. 4) .
Total blood loss
Total blood loss between the combined group and IV TXA group was reported in a total of 5 studies. There was a high statistical evidence of heterogeneity between the included studies (I 2 = 70.2%, 95% CI = 55.9-81.6, P = .779). Compared with IV TXA group, combined TXA was associated with less total blood loss (WMD = À 131.85, 95% CI = À203.65 to À60.05, P = .000) (Fig. 5) .
Data from 3 studies reported total blood loss between the combined group and control group. The heterogeneity test indicated high statistical evidence of heterogeneity (I 2 = 94.6%, 95% CI = 88.5-97.4, P = .000). Compared with control group, combined TXA was associated with less total blood loss (WMD = À375.98, 95% CI = À624.59 to À127.37, P = .003) (Fig. 5) .
Data from 4 studies reported total blood loss between the combined group and topical TXA group. The heterogeneity test indicated moderate statistical evidence of heterogeneity (I 2 = 48.0%, 95% CI = 35.1-51.3, P = .124). Final result indicated that there was no significant difference between combined group and topical group in terms of total blood loss (WMD = À52.29, 95% CI = À105.16 to 0.57, P = .053) (Fig. 5) .
Hemoglobin drop
A total of 5 studies provided data of hemoglobin drop between the combined group and IV TXA group. There was a high heterogeneity between the included studies in terms of hemoglobin drop (I 2 = 90.1%, 95% CI = 84.3-96.4, P = .000). Compared with IV TXA group, combined TXA was associated with less hemoglobin drop (WMD = À1.27, 95% CI = À1.92 to À0.61, P = .000) (Fig. 6) . Data from 3 studies provided outcome of hemoglobin drop between the combined group and topical group. There was a moderate heterogeneity between the included studies (I 2 = 45.9%, 95% CI = 45.4-50.6, P = .158). Compared with topical group, combined TXA was associated with less hemoglobin drop (WMD = À0.22, 95% CI = À0.44 to À0.00, P = .047) (Fig. 6) .
Only 1 study provided hemoglobin drop outcome between the combined group and control TXA group. Compared with control group, combined TXA was associated with less hemoglobin drop (WMD = À1.58, 95% CI = À2.23 to À0.937, P = .000) (Fig. 6 ).
The occurrence of DVT
A total of 5 studies provided data of the occurrence of DVT between the combined group and IV TXA group. There was no heterogeneity between the included studies of this outcome (I 2 = 0.0%, 95% CI = 0.0-0.0, P = .812). There was no significant difference between the occurrence of DVT between the combined group and IV TXA group [risk difference (RD) = À0.01, 95% CI = À0.02 to 0.01, P = .412] (Fig. 7) .
Data from 2 studies provided the occurrence of DVT between the combined group and topical group. There was a moderate heterogeneity between the included studies (I 2 = 0.0%, 95% CI = 0.0-0.0, P = 1.000). There was no significant difference between the occurrence of DVT between the combined group and topical TXA group (RD = 0.00, 95% CI = À0.04 to 0.09, P = 1.000) (Fig. 7) .
Only 1 study provided the occurrence of DVT between the combined group and control TXA group. There was no significant difference between the occurrence of DVT between the combined group and control group (RD = 0.02, 95% CI = À 2.23 to À0.937, P = .476) (Fig. 7) .
The occurrence of PE
Data from 4 studies provided data of the occurrence of PE between the combined group and IV TXA group. There was no statistical evidence of heterogeneity (I 2 = 0.0%, 95% CI = 0.0-0.0, P = .885). There was no significant difference between the occurrence of PE between the combined group and IV TXA group (RD = À0.01, 95% CI = À0.02 to 0.01, P = .408) (Fig. 8) .
Data from 2 studies provided the occurrence of PE between the combined group and topical group. There was no statistical evidence of heterogeneity (I 2 = 0.0%, 95% CI = 0.0-0.0, P = 1.000). There was no significant difference between the occurrence of PE between the combined group and topical TXA group (RD = 0.00, 95% CI = À0.01 to 0.01, P = 1.000) (Fig. 8) . 
The occurrence of infection
Data from 3 studies provided the occurrence of infection between the combined group and IV TXA group. Heterogeneity test indicated that there was no heterogeneity between the included 3 studies (I 2 = 0.0%, 95% CI = 0.0-0.0, P = 1.000). There was no significant difference between the occurrence of infection between the combined group and IV TXA group (RD = 0.00, 95% CI = À 0.01 to 0.01, P = 1.000) (Fig. 9) .
A total of 2 studies provided data of the occurrence of infection between the combined group and topical group. The heterogeneity test indicated that there was no statistically heterogeneity between the included 2 studies (I 2 = 0.0%, 95% CI = 0.0-0.0, P = 1.000). There was no significant difference between the occurrence of PE between the combined group and topical TXA group (RD = 0.00, 95% CI = À0.01 to 0.01, P = 1.000) (Fig. 9 ).
Discussion
This meta-analysis aimed to illustrate the optimal method to administration TXA in primary TKA patients. The common application methods of TXA include intra-articular, IV, and combined intra-articular and IV TXA. Pooled results indicated that combined intra-articular and IV TXA has similar hemostasis effects when compared with intra-articular TXA. Combined intra-articular and IV TXA was superior than IV TXA and control groups. For the complications (DVT, PE, and infection), there was no significant difference between the 3 application methods. To our knowledge, this is the largest sample metaanalysis comparing the efficacy of combined topical and IV TXA in TKA patients.
The major strength and highlight of this meta-analysis was that we concentrate on the patients of primary TKA patients and included only high-quality RCTs. In order to exclude the heterogeneity, we then conducted a meta-regression to identify whether TXA dose influence the final results. Although we perform a rigorous statistically calculation, the level of evidence was low, as the heterogeneity was large.
The result of our meta-analysis indicated that the combined group was associated with a less need for transfusion than control group and IV TXA group. Song et al [18] revealed that combined topical and IV TXA is not superior to either topical or IV in primary navigated TKA. And Lee et al [15] also revealed that no additional effect was found about topical TXA combined IV TXA in further reducing perioperative blood loss. Current metaanalysis indicated that topical administration TXA has similar hemostasis effects when compared with combined TXA. These outcomes were in contradict with previous meta-analysis. [19] [20] [21] [22] Above meta-analysis included TKA and total hip arthroplasty (THA), and obviously, these TKA and THA have different blood loss. Another shortcoming was that non-RCTs were also included, thus the heterogeneity was large.
As for the complications (DVT, PE, and infection), there was no statistically difference between the combined group with control group, topical TXA group, and IV TXA group. TXA, as an antifibrinolytic agent, has potential complications of DVT and PE after TKA. Astedt et al [23] reported that TXA does not inhibit fibrinolytic activity in normal vein wall. Our outcomes are consistent with those of many previous studies, which found that TXA will not increase the incidence of symptomatic DVT or PE with the use of TXA in TKA at any dose, timing, or route of administration. [24] [25] [26] [27] There were a total of 5 limitations to this meta-analysis: only 7 RCTs with small samples were included, which have affected the precision of final outcomes; the follow-up time ranged from 24 to 48 hours after TKA and whether there was a difference at longterm follow up was unknown; the dosage and timing of TXA administration differed between the studies, although a subgroup analysis was conducted to decrease the heterogeneity, which would affect the precision of the results; the tourniquet or bandage administration differed from each other, and the large heterogeneity between the included studies will affect the final results; and we cannot completely exclude the publication bias between the included studies because a total of 7 RCTs were included in this meta-analysis.
Conclusion
The use of combined topical and IV TXA was superior than IV TXA alone and control groups in primary TKA patients. The topical administration TXA has similar hemostasis effects when compared with combined topical and IV TXA. There was no significant difference between the combined group, topical group and IV group in terms of the complications. The number of included studies and sample size were limited, and further studies are necessary to identify the optimal dose and protocols of combined TXA for reducing blood loss after TKA.
